INTRODUCTION
In academic circles, it is understood that teaching and learning can take place in many ways: lectures, tutorials, laboratories, readings, assignments etc. Another technique is through the application of theory to projects, where theory can be taught and applied concurrently. This is widely known as Project Based Learning (PBL), an active form of learning suitable to a variety of learning styles. PBL has been historically recognized as promoting the demonstration and retention of knowledge. In addition, it offers improved team and leadership skills development.
There are many different leadership models that have emerged over time; some have endured and some have disappeared. Leadership models are often broken down into hierarchical and flat management models. Modern industry is moving towards flatter, less hierarchical structures [1] where leaders are situational and collaboration is dynamic and non-coercive. This relational model allows leadership to rotate and power be shared. Titles such as managers and team leads are not necessarily required. Many researchers have studied this model [2] [3] [4] [5] [6] [7] [8] [9] . Even the Canadian military is attempting to modify its leadership structure to permit rotational and shared leadership roles encouraging more immediate decision making in the field where direct action may be required [10] .
Project Based Learning is an ideal format for showcasing this type of non-hierarchical leadership. Leadership not only involves the training of leaders, but also that of followers or team members. Lambert indicated that all students should be encouraged to be leaders at some point during their schooling and that leading is a key part of the learning process [11] . If engineers need leadership skills after graduation then it is up to undergraduate educators to equip them with this expertise [12] . Learning to lead can be greatly facilitated by active learning [13] where students 'learn by doing' such as in Project Based Learning (PBL).
PBL is well known for its ability to promote retention of application of theory [14] . In addition, the integration of concepts across courses permits large real-world projects. This integration and ability to see the project as a whole allows students to be 'big picture' learners and gives exposure to many 'soft skills' including team work and effective leadership [12, [14] [15] [16] [17] .
Several qualities are shown to be improved through active learning or PBL. These include improved [13, 15, [18] [19] [20] Several models of PBL exist; however, the example examined for this paper uses yearly projects that are integrated into an otherwise course-based curriculum. This is known as a hybrid PBL model in which projects integrate the learning outcomes of as-many-as-possible concurrently taught courses. In order to facilitate the development of non-engineering skill development, nontraditional courses are also integrated into the curriculum. Leadership is taught within the program in a couple of ways. First, the students are explicitly taught leadership skills though courses such as Group Dynamics, Project Management and Topics in Management. Courses are delivered in a just-in-time method in order to complement the pedagogy of the projects within the PBL curriculum. Second, the students are able to freely explore and practice leadership within the projects themselves. Students are evaluated for some skill development, although for reasons that will be explored later, this can be a difficult undertaking.
A Foundation Course in Group Dynamics.
At the beginning of the undergraduate program, it is important for students to learn interpersonal skills and how groups work together to achieve a larger goal [21] . The course is strategically located as a three-credit-hour, three-weekcourse at the end of August each year so that students are able to explore group work and the theory behind group work before tackling the first year engineering project. It has been developed as a Problem Based Course where the students learn about the theory of working in teams by rotating through various team positions, teaching and evaluating their performance while working through sections of the textbook. The textbook used in the course is "Small Group and Team Communication" by Thomas E. Harris and John C. Sherblom, published by Pearson. The following is a quote from a student with regards to their experience taking this course: hand them in, along with submitting of a "Leader Report".
Project Management.
A course containing the principal concepts of project management is a key element to a successful Project Based Learning curriculum. Its placement within students' undergraduate studies may depend on the timing of projects and amount of project planning required. For example, a first year project where students are following an explicit set of design requirements and very detailed task lists may not require students to apply many project management skills. However, if the project requirements given are only general guidelines and major milestones then students need to be taught how to actively determine objectives and tasks and to correctly appropriate time and resources to meet the project deadlines.
Yearly PBL Projects.
In this particular approach there are four projects, one in each of the four years of the undergraduate program. Each of the projects integrates as much of the material as possible from on-going courses. Figure 1 shows an example of how the courses and projects are integrated with the project as a central focus and intersection point. The hybrid model of Project Based Learning depends on courses that exist and orbit around the PBL project rather than depending on all outcomes being delivered through the project itself. In year 1 of the program, the project is an introduction that allows students to apply basic engineering theory and to try out some of the roles involved in leadership and teamwork. In the project, groups of five students complete the re-engineering, manufacture and control of a 'robotic crane'. Project assignments and tasks are assigned by both the Project Coordinator and also by course Faculty. Evaluation of the students involved in the project is also shared. Here, team leaders for the individual tasks are rotated among the group members. Weekly status reports and review meetings are a regular part of the project class. The PBL project within the second year of the undergraduate program has students using material from their freshman year as well as concurrently taught course subjects. Here, groups of three students design and build a 'pick-and-place' robot to interface with a small forming press. Project deliverables and milestones are specified by project and course faculty, but students are able to exhibit more creativity in their project design and have much more leeway in their management/leadership structure.
By the time that students arrive in their third year, they are ready to participate in a large group project (12-20 students). Again, the PBL project is integrated with the curriculum. Students design and build a 'real-world' prototype of a machine for an actual industry partner. The class is split into smaller groups in order to facilitate the design of subcomponents. The Project Coordinator acts as coach and mentor. The students are frequently asked to interface with customers and suppliers alike. Leadership tasks are not formally assigned or rotated, but students generally informally share and swap the leadership role depending on their strengths with regards to the tasks at hand.
In the final year, the students have a Capstone PBL project which is also integrated with Year 4 curriculum. In groups of 12 to 20, students design a product, verify its economic feasibility, and develop a simulation of the plant to manufacture the product. Similar to the project in the previous year, students are divided into sub-groups with a focus on the subcomponents of large assemblies and structures of the design. Leadership is informal and manifests itself similar to that in Year 3.
Final Year Management Course.
In the final year of the program it also makes sense to add to the leadership and management skills of engineering students in a justin-time fashion. The final year capstone project is intense and also the students are actively planning their future jobs which may include management activities. This course contains many different topics, but alternatively the curriculum may be partitioned into courses such as Professional Practice or the capstone project itself. Topics include: career planning, hiring, workplace laws, manager guidelines, negotiation skills and even business strategies. This course is a summary of the skills that students have acquired, fills any gaps that may be missing and enriches their leadership skills for the years ahead.
MEASUREMENT OF LEADERSHIP IN A PROJECT BASED LEARNING ENVIRONMENT

A Qualitative Study of Leadership in PBL
This section outlines a qualitative study in which a set of one-on-one student interviews was completed to determine the students' views on leadership and how PBL program described previously has affected their abilities to lead, and follow, within a team. The students were a small group of third year students totaling 7 individuals or approximately 25% of the cohort [16] .
When students were asked about leadership within the context of their projects, the results had four themes which indicate an insightful understanding of the roles and activities of leadership [16] :
 Participation based on personal strengths  Non-positional leaders / leadership without authority  Shifting roles and inclusive participation  Collaboration The free flowing nature of the interviews permitted students to talk generally about their project work and how they worked in a team. All of the leadership activities listed in Section 1 were mentioned by at least one student and several activities such as diversity awareness, communication skills, decision-making and sharing of power were discussed by most students. As expected, team work skills were mentioned by all students (see Table 1 ). Note that the example discussed was a qualitative study and does not measure leadership outcomes of students as they progress through the undergraduate PBL program. The ability to evaluate all aspects of leadership is challenging and stems from the lack of clear definition of leadership [16] and the difficulty of measuring skills such as, for example, an ability to adapt quickly to changing conditions or make decisions where ambiguity exists.
A dialogue involving options to improve grading of leadership skills and feedback given to students is needed. Possibilities might include:
1. Self-evaluation and reflection of the student 2. Peer evaluation within the team 3. Professor evaluation based on observation 4. Professor evaluation based on case study response by all students 5. A combination of the above But first, a list of leadership activities need to be prescribed and rubrics constructed for evaluation.
The Implementation of PBL within an Existing Educational Framework
PBL is not without its critiques. Similar to all styles of teaching, it can be done well or poorly. Even when done well with enthusiastic students and faculty and support from Deans and Chairs, it can be both time consuming and expensive and it is often difficult to scale up for use in larger class cohorts.
The example studied in this paper was for a class of 30. Scaling up PBL to enable delivery to class sizes of 100 or 200 students requires some foresight. In many ways it is not significantly different than the subdivision of students for laboratory and tutorial sessions. However, faculty need to be more directly involved and take on a larger role with facilitators or teaching assistants taking on a more minor role in project sessions.
Students may find that the additional workload associated with projects adds to the existing heavy workload of engineering courses. Experience shows however, that few students would trade this experience. Visiting exchange students from European engineering schools who had very little prior experience with this type of learning have indicated that "it was a lot of work, but also a lot of fun".
Faculty commitment to Project Based Learning is another key factor to PBL success. This is true of both the Project Coordinator who is actively managing/facilitating the project work and also the faculty teaching the supporting curriculum courses running concurrently. A breakdown in communication involving the faculty team is as detrimental, if not more so, as a lack of communication within the student teams. Regular weekly communication is a must. In addition, the cost of PBL learning is higher than traditional lectures due to the increased faculty time required. This includes the mentoring and coaching within the project time and faculty group meetings. PBL can be facilitated by student homerooms (where students may work on projects afterhours) and locating faculty offices within close proximity to each other.
Solid and continuous faculty commitment is often difficult to acquire due to the decreased autonomy, the lack of faculty industrial practical experience and time commitments required. Courses are often viewed as 'islands' unto themselves with faculty able to create and modify outcomes according to their own agendas/biases and research interests. This segregation of courses and subject areas needs to be changed to allow full integration within a PBL curriculum. Increasingly, faculty have little or no industrial experience and this can lead to difficulties with their ability to step beyond their very specialized area of research expertise [22] . Also, additional time commitments include the necessary organizational meetings with other program faculty and meetings with individual project groups. None of the problems listed above are insurmountable, but need to be solved before PBL can be successfully implemented.
Some engineering schools become frustrated by the idea of PBL since it is often believed that there is a need to throw away all existing curriculum in order to implement PBL curriculum instead; a daunting procedure indeed. The following figure outlines PBL as a continuum with no projects on the left hand side and a fully integrated PBL curriculum where little or no 'courses' exist on the right hand side (see Fig.2 ). The idea here is that PBL can be slowly integrated. Often in engineering programs, there is a capstone project, a final evaluation of the attributes required of a graduate. The main drawback is that this method doesn't allow the students to practice their skills and for faculty to truly evaluate students' abilities as they progress through the different years of their academic program. Alternately, there are often projects within an individual course allowing students to demonstrate their creativity and problem solving skills albeit within a narrow subject area. This also is a step in the PBL continuum.
For the slow integration of PBL, the next step would be to add projects that combine the learning from two or more courses. This could be evaluated within the few courses that participate or alternately, the courses could be combined to create a project course in which the participating subject areas are taught. Unlike the capstone project, here, new information is taught, processed by the students and evaluated by faculty on a continuous basis. In
Step 4, the year/semester project teaches new information and also evaluates previous learning. Finally, moving towards full integration of course material with the elimination of the courses themselves, is what constitutes a fully Project Based program where learning occurs in subject area courses and within the project. These steps can be taken one at a time or jumped to directly using curriculum redesign. Also, it should be noted that it not necessary to end up at Step 5. The program described in the previous study is currently at
Step 4 with no intention of moving beyond. The skills gained improve with each step but greatest benefit comes from having a project which integrates learning across different courses.
CONCLUSIONS
Project Based Learning has historically been shown to be a useful tool in the application and practice of engineering theory, as well as integration of engineering concepts. It is also an enabler to the development and growth of leadership competencies such as the ability to work within diverse teams, set goals and make decisions, communicate effectively and many others. PBL can be slowly and effectively implemented though step-wise improvements to engineering curriculum to facilitate these outcomes.
